An investigation was conducted to examine the reliability (reproducibility) of self reported occupational histories obtained from a cohort of 326 capacitor manufacturing workers who had participated in an epidemiological study relating health abnormalities to exposure to polychlorinated biphenyls (PCBs). For a subsample of the cohort (n = 164) in which occupational histories were obtained twice (in 1976 and 1979), reliability of cumulative exposure to PCBs ranged from 93-6% for the early PCB period (1947-70) to 95-7% for the late PCB period (1971-6). These respective reliabilities were lower, however, for workers who changed jobs often. Workers above the median value of a weighted job change index had early and late reliabilities of 8990/o and 83-6% respectively. Reliability is a relevant factor when calculating power or sample size during the planning stage of epidemiological studies, for interpretation or adjustment of estimates in the analysis stage, or for determination of study feasibility.
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(British Journal ofIndustrial Medicine 1993; 50:822-826) For retrospective epidemiological studies in occupational settings it is often necessary to rely on self reported data to determine the exposure state of the study subjects. At issue in such cases is the validity (accuracy) and reliability (reproducibility) of the data. Of the two, the first is the more critical factor. Epidemiological studies that lack an accurate source of exposure data may be seriously flawed. The validity of self reported work histories was considered earlier in the cohort studied here' and by other researchers for other populations. [2] [3] [4] [5] [6] [7] A high level of validity, although necessary for a good study, may not be sufficient to achieve that aim. Cumulative exposure estimates based on self reported work histories may closely approach the true values, but only if the histories are obtained at two or more points in time from each subject and the estimates averaged. This implies that an estimate based on any single work history might over or underestimate the true value. When there is high variability of single estimates about the true value, the study would have low reliability.
Unreliable exposure estimates present a different set of problems to epidemiological studies than do invalid estimates; moreover, the problems are not as serious and are more readily correctible. There is little published work that deals with reliability of self reported work histories. The few studies that have been done have dealt mainly with the reproducibility of portions of the work history-that is, questionnaire items on exposure, job titles, numbers of jobs, and job durations in selected occupational groups.6 8 9 They have not, however, focused on what impacts directly on epidemiological studies-namely, the reliability of complete work histories, and more specifically, cumulative exposure estimates derived from them. It is the objective of this study to do that and to relate the findings to the conduct of epidemiological studLies. An analysis of the reliability ofself reported work histories from a cohort of workers exposed to polychlorinated biphenyls This intraclass correlation coefficient is an estimate of reliability under the assumption that any differences within the measurement pairs resulted from random variation about the true value. It has a maximum value of 1 when there is perfect agreement (no variability) within the measurement pairs and less than that when the paired measurements are not equal. Its minimum value is zero. In essence it is showing whether there is more similarity within groups than between groups. An approximate 95% confidence interval (95% CI) for r1 can be calculated with the Fisher Z transformation.1415 SAS was used for all statistical calculations. '6 An alternative method for estimating r1 is from a validity study in which rough measures of a covariate (z) are compared with a "gold standard" (x). Here the reliability of z as a measure of x is equal to the square of the product moment correlation of x andz. '7 8 Results Table 3 gives estimates of the between and with- Table 4 shows the reliability coefficients for cumulative PCB exposure separately for workers above and below the overall median value for the job change index (195). It is clear for both the early and late PCB periods that reliability is lower for those with more job changes, and workers in the higher job change category produced coefficients about 8 to 15 percentage points lower than those in the lower change category. There was no evidence of any reliability differences due to age, sex, duration of employment, or educational level.
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There were also indications in a subsample of workers with at least 20 years of service that time lapse had an influence on reliability-that is, the earlier portions of the work histories were less reliable than the more recent portions. The sample size for this analysis was, however, too small to establish any significant trends. Discussion Validity, which was considered in the initial paper in this series,' is a measure of how close a measured variable is to the true value. Reliability, which is being examined here, is a measure of the consistency of repeated measures on a variable. Both of these measures are of great importance in assessing exposure in epidemiological studies. The implications of poor reliability, however, differ from those of poor validity.
It is of utmost importance in epidemiological studies that validity be sufficiently high to avoid serious misclassifications in assessment of exposure, which could lead to spurious findings. In other words, a lack of validity could lead to over or underestimation of the true effect measure (for example, relative risk) in a study depending on whether or not the resulting misclassification was random or non-random. 19 Whereas it is also important to have highly reliable exposure data in a study, a less than desirable value is not necessarily a fatal flaw. The reason is that the effect of low reliability is to bias the effect measure in one direction only, toward the null value.'9 Thus in studies that show a large effect low reliability is of no consequence-that is, the true effect is even larger than the estimated value. In studies where small effects are investigated, however, a lack of reliability could cause a real effect to evade detection.
To estimate reliability by repeat measurements, at least two measurements on the study subjects are required. When the underlying or true value of the reliability coefficient is above 05, taking two measurements per subject gives the optimal precision in estimating that coefficient. In the planning stages of a study the sample size necessary to detect a specified difference at a desired power may be adjusted upward to compensate for low reliability. Specifically, the required sample size would be calculated assuming no within subject measurement variability and this value would be divided by the reliability coefficient to obtain the adjusted sample size. '5 17 This assumes that the reliability is either known or can be determined from a pilot study. Alternatively, without increasing the sample size, the required number of multiple measurements per subject necessary to achieve adequate compensation may be calculated. '5 In that case, the average of each subject's measurements would be used as that subject's exposure measure. This would require repeat measurements on the entire sample.
If it were only practical to obtain repeated measurements on a subsample of the study group, the resulting subsample variance components or reliability coefficients may still be used to correct effect measures in the overall analyses to the true values. Methods are available for correcting apparent correlation coefficients, regression coefficients, and relative risks.2' For epidemiological analyses that employ logistic regression, Rosner et al 22 provide a method for adjusting both the odds ratios and approximate CIs. If reliability is not determined before conducting a study it would be a good idea, if possible, to minimise any potential effects of low reproducibility by taking multiple measurements.
The high reliability found in this study group would seem to indicate that the self reported work histories were consistent in assessing cumulative exposure to PCBs, even after a three year gap. Given the detail of these work histories and the fact that repetition of them might be a costly or impractical undertaking, this consistency was reassuring (it may apply to other studies where self reported occupational information is used). The reliability coefficients found here, even in subjects with frequent job changes, compare favourably with those found in studies investigating the effects of diet on disease. Reliabilities of dietary information in such studies tend to fall in the 0 5-0-7 range. 23 Other occupational settings might, however, involve considerably more than the 40 job categories here, which would increase the potential for lower reliability. Furthermore, the reliability coefficients found in this study group may have overesti- In closing, it should be mentioned that the concept of reliability applies not only to data that are derived from self reporting, as is the case in this paper and in dietary studies, but also to hard data measured by mechanical means. Assay derived data, such as prolactin concentrations in women at risk for breast cancer and cholesterol concentrations in subjects at risk of heart disease are also liable to vary within subjects and may thus have to be similarly assessed to determine if multiple measurements are required to improve reliability.25 It should also be noted that the estimates of cumulative PCB exposure evaluated in this study were derived not only from self reported work histories but from air measurements taken in the work areas, which were also subject to variation.
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